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RECENT DETERMINATIONS OF THE SOLAR CONSTANT OF 
RADIATION. 
BY C. G. A•o•z x•r> F. •E. FowLs, J•. 
[Author's Abstract] 
The present volume • is an account of the work of the Astrophysical 
Observatory of the Smithsonian Institution from •9oo to •9o7, with de- 
tails of the investigations made, the apparatus and methods used, and 
the results obtained. 
Speaking broadly, the investigation relates to the intensity of the 
rays of the sun and the dependence of the Earth's temperature thereon. 
The subject is treated in three parts: First, the amount of the solar 
radiation as it would be found if measured outside the Earth's atmos- 
phere, at mean solar distance, or, as is often termed, "the solar constant 
of radiation ;" second, the dependence of the Earth's temperature on the 
amount of solar radiation; third, the difference in brightness between 
the center and edge of the sun's disk and its relation to the quantity of 
solar radiation received by the Earth. 
The work is not limited to a determination of constants of nature, 
for the possibility was early recognized that the radiation of the sun 
might be far from uniform, so that the "solar constant of radiation" 
might prove to be a mean value about which the intensity of the solar 
beam would be found to fluctuate very perceptibly from time to time. A 
principal aim of the work has therefore been to prove whether such 
fluctuations of the quantity of solar rays do exist, and if so what may 
be the magnitude of the changes, their effects on climate, and their 
causes. For these purposes the measurement of the intensity of solar 
radiation and of the distribution of brightness over the disk of the sun 
have been made as often as possible for several years, and a study of the 
variation of temperature for the last thirty years at about fifty stations 
scattered as widely as possible over the inland areas of the world has 
also been made. 
A part of the measurements have been made in Washington, and 
therefore practically at sea-level, and a part at Mount Wilson in Califor- 
nia at about •,8oo meters, or nearly 6,ooo feet elevation. The radiation 
of the sun has been studied not only in the total, but also as dispersed 
into its spectrum, and not only •vith regard to the rays visible to the eye, 
but also with regard to the rays whose wave-length is too long or too 
short to affect the eye. For all these different rays the Earttx's atmos- 
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phere has different degrees of absorption, or of diffuse reflection, and in 
the course of the work the transparency of the Earth's atmosphere for 
many different rays has been extensively investigated. The reflecting 
powers of the clouds and tim air have been measured, and also the 
quality of sky light as regards the relative intensity of its rays of differ- 
ent colors. 
We use as our unit of measurement that intensity of radiation which, 
when fully absorbed for one minute over a square centimeter of area 
placed at right angles to the ray, would produce heat enough to raise 
the temperature of a gram of water •ø centigrade. This unit is termed 
• calorie per square centimeter per minute? 
The mean result of •3o measurements conducted on iXlount Wilson 
in the summer and autumn months of r9o5 and •9o6 fixes the intensity 
of solar radiation outside the atmosphere at mean solar distance as 
z.o23 calories per square centimeter per minute. 
The mean result of 4• measurements at Washington from i9o2 to 
•9o7 is z.o6• calories. 
It is probable that the mean result of such measurements, if conducted 
for a long term of years, would be higher, and the probable mean value 
of the "solar constant" may be estimated in round numbers at 2.• calo- 
ries per square centimeter per minute. 
Expressed in another way, the solar radiation is capable of .melting 
an ice shell 35 meters (• •4 feet) thick annually over the whole surface of 
the Earth. 
The results of Langley, while seeming. ly in contradiction of these, in 
reality support them. For, as he states on page 2• r of the Report of the 
Mount Whitney Expedition, his value (3 calories) for the "solar con- 
stant" depends upon an allowance which he made for apparent "system- 
atic e•ror in high and low sun observations at one station," of such a na- 
ture as becomes manifest "by calculating at the lower station, from our 
high and low sun observations there, the heat which should be found at a 
certain height in the atmosphere; then actually ascending to this height, 
and finding the observed heat there conspicuously and systematically 
greater than the calculated one." As shown in Chapter VII, Part I, of 
the present volume, this seeming discrepancy arose from a misapprehen- 
sion of the requirements of the calculations. In fact there is no such 
systematic error, no correction for it should have been applied by Lang- 
ley, and the best mean value of his experimental determination of the 
"solar constant" at Mount Whitney and Lone Pine is 2.•4 calories per 
square centimeter per minute. 
Substantial agreement as to the magnitude of the "solar constant" 
is therefore reached by observations at sea-level, at x,8oo meters and at 
3,5o0 meters elevation. 
t As stated in Chapter II of Part I it is possible that the numerical results given 
are about •.5 per cent above what this absolute scale would indicate. 
The solar radiation is far from being constant in its intensity. The 
values determined on l•Iount Wilson range from •-93 calories to 2.I 4 cal- 
ories, and those in Washington from •.89 calories to 2.22 calories. 
change of the intensity of solar radiation of 3• per cent, due to the 
decrease in solar distance, occurs from August to October, and this is 
readily discernible in the work done on 3Iount Wilson; so that there 
can be little question that the large changes noted there are really solar 
changes and not of atmospheric or accidental origin. 
The reality of the supposed solar origin of the changes of radiation 
observed, is attested by many other evidences stated in Chapter VI, 
Part I, and Chapter III, Part III. 
The temperature of the Earth is shown to be in good agreement with 
the asstuned value of the "solar constant," 2.• calories. Indeed it is 
shown that unless the albedo, or reflection, of the Earth exceeds 37 per 
cent (a value here determined for it and based on observations at Wash- 
ington and lXlount Wilson), then the mean value of the "solar constant" 
can not exceed 2.33 calories, else the Earth must be a better radiator 
than the "absolutely black body" or perfect radiator. 
It is shown that the surface of the Earth can radiate only very slightly 
to space on account of the interference of clouds and water vapor to 
terrestrial radiation, and that the substance which maintains the Earth 
at nearly constant temperature, by emitting to space radiation equal to 
that received by the sun, is principally the water-vapor layer at 4,ooo to 
5,ooo meters in elevation, whose mean temperature is •o ø or more below 
There is introduced the conception of a "hypothetical Earth," sim- 
ilar in dimensions and motions to the real Earth, but hollow and like 
soap bubble in thickness of wall; perfectly absorbing for solar radiation. 
and a perfect radiator for long waves; perfectly conducting for heat 
along parallels of latitude, but perfectly non-conducting along meridians 
of longitude. The temperature of this "hypothetical Earth" is calcu- 
lated for all times of the year, and for all latitudes, by aid of the known 
value of the "solar constant" and the laws of radiation of perfect 
radiators. 
A comparison is made between the annual march of temperature of' 
the "hypothetical Earth" and the observed annual march oftemperature 
for 64 stations on the real Earth. It is thereby shown that a given frac- 
tional change of solar radiation running its cycle in a year produces 
one-fourth the given fractional change in the absolute temperature of the 
•' hypottxetical Earth," one~fourteenth of the given fractiona change in 
the temperature of most inland stations, one-twenty-fiith for coast sta- 
tions, and one~fiftieth for s•nall islands in great oceans. For a fluctua- 
tion of 5 per cent in solar radiation, having a period of about a year, 
there would be produced a change. of only about •o C. in the mean tem- 
perature of inland stations, and only about oø.3 C. for island stations, 
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The effects of more rapid changes of solar radiation •vould be less readily 
discernible in their effects on mean temperature, but may neverthe- 
less be of meteorological importance as promoters of atmospheric circu- 
lation. 
From a comparison extending over 30 years, of the temperatures of 
47 stations well distributed over the land surface of the Earth, it ap- 
pears possible that changes of solar radiation do produce, not infrequently, 
well-marked and recognizable changes of temperature over the continen- 
tal area of the world. Such changes of temperature would be predictable 
if accurate measurements of the solar radiation were systematically con- 
tinued at a few favorable stations. 
Numerous measurements of the comparative brightness of the cen- 
ter and edge of the solar disk indicate that the observed changes in solar 
radiation are attended by a variation of the transparency of the solar 
envelope, and perhaps are caused by it. 
Many results of observations not here enumerated, such as the mean 
transparency of the upper and loxver strata of air, the reflecting power 
of the clouds, the probable temperature of the sun, and the quality of 
the radiation of sun-spots, will be found set forth both in words and by 
charts, and also a full description of the apparatus and methods employed 
for the various kinds of research, and the sources and magnitude of 
the errors attending their use. 
